ABSTRACT
Introduction
Hyponatremia is defined as a fall in serum so dium concentration below 135 meq/l and is the most common electrolyte alteration, especially in elderly people. a recent systematic review including 53 studies found evidence of mild hy ponatremia in 22% of geriatric hospital patients and in 6% and 17% of people admitted to general hospitals and intensive care units respectively. 1 in other studies, its prevalence is 4-7% in out patients and 19% in nursing home residents. [1] [2] [3] [4] [5] although it is not clear whether hyponatremia may represent an unfavourable prognostic factor itself or simply reflects the severity of underly ing conditions, it is known to be associated with poor outcomes in elderly patients, as suggested by increased rates of morbidity and mortality. [6] [7] [8] [9] its clinical importance relies on the crucial role of sodium in maintaining the osmolarity of body fluids. even mild changes in sodium concentra tion determine important variations in plasma osmolarity as a consequence of water movement 168 VOLUME 10 • NUMBER 2 • JUNE 2018 J OUrNal OF PrimarY HealtH Care from intra to extracellular spaces. establishing volaemic status represents the main guide for treatment choices. 3 The central nervous system is greatly affected by this sodium shift, with cerebral oedema as a complication. Symptoms accompanying hyponatremia may be nonspecif ic (headache, fatigue, mood alterations) when its onset is slowly progressive over a period of weeks and the serum sodium level remains slightly be low the normal range. By contrast, when serum sodium falls quickly to very low levels (<125 meq/l), clinical manifestations are dramatic, with appearance of lethargy, confusion, disorien tation, tonicclonic spasms and coma. Without stratifying patients by age, the most frequent causes of hyponatremia are the syn drome of inappropriate antidiuresis (35%), which includes the inappropriate antidiuretic hormone (aDH) secretion (SiaDH), hypovolaemia (30%), hypervolaemia (20%), diuretics (8%), primary polydipsia (5%) and adrenal insufficiency (2%). 10, 11 While the latter prevails in adults, the underly ing cause in older people is difficult to identify because it is often multifactorial. 12 Diagnostic investigations include taking a history with spe cial attention to medications and laboratory tests. management is based on contrasting precipitat ing factors including suspension or replacement of the drug potentially causing the condition, restoring electrolyte deficiency and establish ing volaemia, and hospitalisation in the case of severe acute symptomatic forms.
Usually, general practitioners (GPs) observe mild and asymptomatic chronic forms of hy ponatremia which are, however, at high risk of switching to severe symptomatic forms when a concomitant major illness occurs. 3, 13 Beyond diuretics and among drugs with a high rate of prescription in general practice, attention should be paid to drug classes such as selective serotonin reuptake inhibitors (SSris), which are reported to be associated to hyponatremia in over 30% of cases.
14 The prolonged use in older patients of some antihypertensive medications may be involved too, in particular the renin angiotensin system antagonists (aCei/arBs), antiepileptics, antiarrhythmics and proton pump inhibitors (PPis). [15] [16] [17] although druginduced hyponatremia repre sents an important issue for elderly and in frail patients, little is known about its clinical rel evance and management in communitydwelling people. This study retrospectively investigated the prevalence of hyponatremia in general prac tice and its prognosis in terms of hospitalisation and death in people aged >65 years, its associa tion with longterm use of some drugs and the concomitant presence of chronic illnesses. The management of hyponatremia by GPs was also evaluated.
Methods
General practice databases were retrospectively searched from January to December 2015. Data were extracted for all patients aged >65 years who were tested for serum sodium levels and showed hyponatremia (<35 meq/l) on at least one occasion. The longterm use of drugs known to potentially cause hyponatremia (diuretics, aCei/arBs, SSri, PPis, opioids, antiarrhyth mics) was checked. Patients receiving at least two prescriptions for one class of drug in the study year were considered to be treated with that drug class.
The presence of underlying chronic conditions (arterial hypertension, type 2 diabetes melli tus, chronic renal failure, chronic heart failure, ischaemic heart disease, chronic cerebrovascular disease) was evaluated. We calculated the rate of hospitalisation and death during 3 months fol lowing the first finding of hyponatremia.
Finally, the GP management of hyponatremia was evaluated. The GPs' approach was checked by determining if sodium and creatinine levels in serum, and sodium concentration in urine were tested in the month following the diagnosis of hyponatremia and whether care was reassessed (plasma osmolarity check, change in medications, fluid and nutritional advice).
The study was conducted according to Good Clinical Practice guidelines and the Declaration of Helsinki. The study protocol was approved by the local ethics Committee. During the study year, the serum sodium level was checked at least on one occasion for 2569 of 5635 (45.6%) patients aged >65 years old; this is the study group and their demographic and clini cal characteristics are shown in table 1. Their most common chronic conditions were arterial hypertension and diabetes, followed by chronic renal failure, atherosclerosis and coronary heart disease. Of all prescribed tests for this elderly participant population, the proportion of sodium testing from blood samples was 84.5%. Hypona tremia was found in 205 of 2569 patients (8.0%).
Patients with chronic conditions were more likely to have hyponatremia; there was an average of 2.2 longterm conditions in the group of 205 patients with hyponatremia and 1.8 longterm condi tions in the group of 2364 patients whose sodium was checked and who were not found to have hyponatremia (P < 0.001). arterial hypertension, diabetes, chronic heart failure and cerebrovascu lar disease were significantly more common in hyponatremic patients, whereas coronary heart disease, atherosclerosis and chronic renal failure, although more prevalent, were not statistically dissimilar (table 2) .
Prolonged use of medications potentially causing hyponatremia (diuretics, aCei/arBs, SSri, opioids, PPis, antiarrhythmics) in both normo and hyponatremic patient groups are reported in table 3. in particular, while the use of all drug classes was higher in hyponatremic patients, only the prolonged use of diuretics, aCei/arBs, opioids and antiarrhythmics, individually, were significantly associated with hyponatremia (table 4) . When two or more drugs were taken longterm by patients, the risk of developing hy ponatremia increased. relative risk of developing hyponatremia trebled with the use of four drugs and was sevenfold higher with the use of six drugs (table 4) . Hyponatremia was significantly more common in patients taking an aCei/arB in combination therapy with a diuretic than in patients taking diuretics alone (37.8% vs 11.4%, P < 0.001). By contrast, there was no difference in the percentage of patients with hyponatremia when an SSri was taken with an aCei/arB (8.8% vs 7.6%, P = 0.09) or with a diuretic (6.3% vs 4.9%, P = 0.067) compared with when a SSri, aCei/arB or diuretic was taken alone. Hyponatremia was associated with a higher rate of hospitalisation (19.5% vs 7.7%, P = 0.005) and death (13.7% vs 1.8%, P < 0.035) during the 3 months following its first finding. The long term use of at least one drug class in hypona tremic patients was significantly associated with hospitalisation or death (10% vs 6.3%, P = 0.010).
The multivariate analysis identified the use of opioids (coefficient 0.546, P < 0.003) and of anti arrhythmics (coefficient 0.704, P < 0.035) among drugs, and age (coefficient 0.021, P < 0.03), con gestive heart failure (coefficient 0.582, P < 0.007), coronary heart disease (coefficient 0.534, P < 0.002) and cerebrovascular disease (coefficient 0.547, P < 0.03) among chronic conditions, as fac tors significantly associated with hospitalisation and death in hyponatremic patients.
During the first month following the diagno sis of hyponatremia, only 18.5% of patients had their serum sodium levels tested again by their GPs and 18% had serum creatinine levels checked. The concentration of sodium in urine was investigated in 2.4% of patients. a new check for serum sodium levels in the 3 months follow ing the initial diagnosis was performed in 28.3% of patients, creatinine was checked in 32.6% of patients and urine sodium was checked in 4.4% of patients. We did not have sufficient data to comment on medications change.
Discussion
Our study addresses an issue that is important to patients and underresearched. We report on the Table 3 . Prolonged use of medications potentially causing hyponatremia in the study group (n = 2569 patients aged >65 years) ACE-I/ARBs (renin-angiotensin system antagonists); anti-AR (anti-arrhythmics); SSRI (selective serotonin reuptake inhibitors); PPIs (proton pump inhibitors). *P < 0.05; **P < 0.01. Table 2 . Prevalence of the most common chronic illnesses in the study group (n = 2569 patients aged >65 years) AH (arterial hypertension); ATS (atherosclerosis); CHF (chronic heart failure); CHD (coronary heart disease); CVD (chronic cerebrovascular disease); CRF (chronic renal failure). *P < 0.05; **P < 0.01.
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prevalence of hyponatremia in a large cohort of patients attending general practice, its associa tion with commonly used drugs and chronic illnesses. The present study shows that higher prevalence of hyponatremia occurs in older patients receiving medications that potentially cause electrolyte disturbances. This study also shows that hyponatremia is not uncommon among communityliving older patients, espe cially in patients taking drugs known to cause sodium alterations which is associated with poor clinical outcomes.
in line with other studies, 18 we found that hyponatremic patients had significantly more comorbidities than normonatremic individuals. This difference does not exclude the hypoth esis that electrolyte levels were preferentially checked by GPs in patients carrying a higher risk of electrolyte disturbance because of chronic comorbidities and polypharmacy; the consequent results may overestimate the true prevalence in the community.
an important finding from our study results is the relationship between longterm use of drugs and the occurrence of hyponatremia, suggest ing the existence of a cause-effect relationship, although it is also plausible that hyponatremia could simply be a marker of frailty. it is notewor thy that the use of all the considered drugs was higher in patients with hyponatremia than in patients with normonatremic levels. in particu lar, with the exception of opioids, aCei/arBs, antiarrhythmics and diuretics, the other drug classes when considered alone do not appear to induce serum sodium alterations, although the prolonged use of opioid drugs is often associ ated with more severe forms of illness and worse general health status. Concerning diuretics, it is known that their prolonged use, for thiazides in particular, is associated with hyponatremia. 19 although diuretics have welldocumented metabolic sideeffects, including hyponatremia and hypokalemia, they are still recommended as first or second line agents in the pharmacological treatment of arterial hypertension.
regarding the other investigated drugs, although statistical significance was not reached for the as sociation with hyponatremia, we cannot exclude some effects on sodium homeostasis. Possibly, another study with more patients may show a statistically significant association. in contrast, the main purpose of our study was not to show that some drug classes can induce hyponatremia, which is already known, but to investigate the effect of hyponatremia on the general population who are checked by GPs. Therefore, and as a con sequence, demographic and clinical characteris tics of patients with and without hyponatremia were not the same.
Other studies 20 have shown that hyponatremia is prevalent in patients hospitalised with severe and more advanced conditions, such as heart failure, and that it is associated with increased inhospi tal mortality and longer hospital stays. although it is questionable whether hyponatremia merely represents a marker of disease progression or is itself detrimental, 21 our study suggests that hyponatremia is an independent predictor of mortality in the outpatient population.
Previous studies of geriatric inpatients suggest that hyponatremia is a frequent sideeffect in patients who were taking a diuretic on admission, and that hyponatremia may be as common as 11-33% in such patients. 22, 23 These studies concluded that inpatients frequently have comorbidity and that the risk of hyponatremia in primary care, where diuretics are most frequently prescribed, is unknown. We provide new data supporting the potential hyponatremic effect of some drug classes. in more detail, the association between disturbances of serum sodium levels and aCei consumption has been demonstrated by per sonal interviews from a large population study of the very elderly. 24 also, case reports support the association between antiarrhythmic drugs (amiodarone and propafenone, in particular) and hyponatremia as a consequence of druginduced SiaDH. 25 Our results have important implications for research and practice. Hyponatremia is the most common electrolyte abnormality encountered in clinical practice. its prevalence is known to change according to the nature of the patient population and healthcare setting. [26] [27] [28] [29] it fre quently appears during hospital stays either as a feature of the underlying cause or as the 172 VOLUME 10 • NUMBER 2 • JUNE 2018 J OUrNal OF PrimarY HealtH Care consequence of therapeutic interventions, and is associated with increased morbidity and mortal ity. 7, 30 However, mortality also increases with raised serum sodium levels, and even mild hy pernatremia is associated with significant mor tality. 31 Older people are predisposed to alteration in electrolytes because of agerelated physiologic changes and due to underlying chronic condi tions impairing sodium homeostasis, including urinary concentrating ability and altered total body water distribution. medications may exac erbate this predisposition.
We found that hyponatremia is an underesti mated and poorly managed problem in general practice patients. The reasons could be attributed to more attention being focused on the alteration of other electrolytes, such as potassium and cal cium, or to more attention paid to other condi tions such as hypernatremia, as GPs reported in a telephone survey. 32 Older patients are predis posed to alteration of circulating electrolytes, as sodium and water balance is regulated by several factors including thirst, the arginine vasopressin pathway and the renin-angiotensin-aldosterone system. 33 This study underscores the need for improved understanding and management of sodium disturbance by GPs, because we discovered that after first finding hyponatremia, sodium levels in blood and urine and serum creatinine levels were tested again in less than 20% of patients. This suboptimal management could expose patients to much more important sequelae of hyponatremia and, at least in some cases, negative outcomes such as hospitalisation. We recommend a period ical revision of longterm treatment, in particular in older patients under multidrug therapy. This is a crucial point because older people may rap idly change their general health status by altering the biochemical and physical adaptation systems according to the underlying conditions, their sodium and water homeostasis and their capacity for drug metabolism. GPs are the most appropri ate health professionals to help patients maintain metabolic balance.
in conclusion, hyponatremia is common among communitydwelling elderly people and is associ ated with significant morbidity and mortality.
The geriatric population is particularly prone to develop hyponatremia as a result of physiologic changes and of medication sideeffects, and they are likely to experience poor outcomes in the short time following hyponatremia diagnosis, including hospitalisation and death. although we do not have to act on every hyponatremic result and many patients may be asymptomatic, it is particularly important to carefully consider hyponatremia in elderly patients affected by polypharmacy. regular sodium monitoring is advised to reduce the risk of harm and increase the detection and treatment of this metabolic abnormality. Finally, targeted training of GPs is desirable to improve their practise on managing hyponatremic patients.
